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I . Operations 

A. Summary 

Run 25 was completed t h i s qua r t e r , and Run 26 was s t a r t e d . Power 
operation during the quar ter included 735 MWd in Run 25 and 87 MWd in the f i r s t 
pa r t of Run 26, ca l led Run 2 6 A , which was conducted between September 27 and 29. 

At the beginning of the q u a r t e r . Run 25 continued with the reac tor 
operat ing at 30 MWt and 10 MWe. Experimental subassembly XOll had previously 
been iden t i f i ed as one source of f i s s ion gas , and experimental subassemblies 
XG05 and XA08 had been r e - i n s t a l l e d in the core for 150 MWd of operat ion a t a 
maximum reactor power of 30 MWt to determine i f they released f i s s ion gas . 
Following t h i s i r r a d i a t i o n pe r iod , during which only normal f i ss ion-gas back­
ground readings were observed, the reac tor was shut down to await approval of 
full-power opera t ion . In the meantime, a small steam leak was repaired in the 
high-pressure flash tank to prevent l imi t ing operation of the blowdown system. 
Reactor operation was s t a r t ed again on July 5 , and the power was ra i sed i n c r e ­
mentally t o 't5 MWt while watching for a fur ther f i ss ion-gas r e l e a s e . Routine 
power operation continued u n t i l July 20 without any abnormal f i s s ion-gas a c t i v i t y . 

During the period of July 6 through 10, th ree spec ia l t e s t s were 
performed. Heat r e j ec t ion c a p a b i l i t i e s of the main turbine condenser system were 
measured. This was followed by a t e s t t o measure the reac tor bu i ld ing heatup 
r a t e , which involved c los ing the main exhaust i s o l a t i o n valve from the reac to r 
bui ld ing for an extended per iod . This allowed the hot sh ie ld and thimble 
cooling exhaust a i r t o r e c i r c u l a t e in the reac tor bui ld ing u n t i l an equi l ibr ium 
temperature was e s t ab l i shed . Equilibrium was es tab l i shed in about 2k hours 
without the exceeding of any maximum bui ld ing temperature l imi t s for power opera t ion . 
A l eak- ra t e t e s t of the r eac to r bu i ld ing supply and exhaust valves was successful ly 
completed immediately a f t e r the r eac to r bu i ld ing heatup r a t e t e s t . 

On July 20, the r eac to r was shut down, and experimental subassemblies 
X023 and X02U (containing spec i a l gamma-heat-measuring t e s t capsules prepared by 
Oak Ridge National Laboratory) were i n s t a l l e d in grid pos i t ions 2B1 and 7DU, 
r e spec t ive ly . 

Measurements taken during the ensuing reactor s t a r tup for continu­
at ion of Run 25 revealed t h a t the r e a c t i v i t y decrement was lower than previously 
measured, and the slope of the d i f f e r e n t i a l power coef f ic ien t was l e s s than 
previously measured in the 15 - 25 MW power range. A program was immediately 
begun to obtain more p rec i se power-coeff icient measurements and to attempt t o 
explain the change. Further power-coeff ic ient measurements were made up to 20 MWt, 
and rod-drop experiments were performed, which ve r i f i ed t h a t the prompt r e a c t i v i t y 
feedback c h a r a c t e r i s t i c s of the reac tor were s t i l l wi thin safe operat ing l i m i t s . 
The following day these same measurements were performed again as the r eac to r 



A. Summary (continued) 

power was r a i s ed t o 30 MWt. I r r a d i a t i o n of the exper imental subassemblies X023 
and X02lt was completed a t 30 MWt, and the r e a c t o r was shut down for t h e i r 
removal. Driver subassemblies p rev ious ly used were r e i n s e r t e d in p lace of t h e s e 
experiments for the cont inua t ion of Run 25. Measurements r e l a t e d t o the power 
coef f ic ien t and assoc ia ted r eac to r k i n e t i c s tud i e s were then repea ted and extended 
to lt5 MWt. 

The more p rec i se power-coeff ic ient measurements confirmed the f ac t 
t h a t a change had occurred in the power c o e f f i c i e n t and t h a t the power r e a c t i v i t y 
decrement had decreased. I t was pos tu l a t ed t h a t the movement of fue l w i t h i n the 
l i m i t s of ava i l ab le c learances could produce t h i s change. A plan was then formu­
la ted t o "randomize" the spacing of the core and b reeder b l a n k e t . I t was expected 
tha t "randomizing" would increase the r e a c t i v i t y decrement when the r e a c t o r was 
t a i en from zero t o f u l l power. This manipulation involved lowering the holddown 
f ix tu re on the main fuel-handl ing g r ippe r , r a i s i n g the subassembly, and r e s e a t i n g 
the subassembly in the r eac to r grid ( " j i g g l i n g " ) . The holddown f i x t u r e , a p o r t i o n 
of the main fuel g r ippe r , phys ica l ly moves the s ix surrounding subassemblies Jus t 
enough t o allow the easy removal of the subassembly t o be r a i s e d . The re fo re , 
" j i g g l i n g " one-sixth of the subassemblies should produce e f f e c t i v e movement of 
a l l subassemblies. 

The " j i g g l i n g " operat ions were i n t e r r u p t e d , however, when sporadic 
abnormal i t ies were encountered with ce r t a in of the main g r ipper o p e r a t i o n s . After 
subassembly B-3'tl (gr id pos i t i on 6FI4) was lowered, the g r ipper jaws only opened 
t o an ind ica ted p o s i t i o n of 80 pe rcen t . Cycling the gr ipper jaws s e v e r a l t imes 
did not increase the jaw t r a v e l . After the jaws were c lo sed , the g r ippe r was 
r a i s e d 10 inches , lowered, and again the "jaw open" i n d i c a t i o n showed about 80 
percent t r a v e l . After d iscuss ions were held with cognizant engineers and 
approval by management obta ined, the gripper was manually r o t a t e d a few degrees 
in an attempt t o f ee l the engagement of the gr ipper with the top adapter of the 
subassembly. No r o t a t i o n a l r e s i s t ance was f e l t except t h a t expected from t h e 
packing gland. To determine i f the gripper r o t a t i o n a l bar was broken, the g r ippe r 
was manually ro ta t ed by cognizant engineers in small increments up t o 75 deg 
clockwise. Again, t h e r e was no s i g n i f i c a n t r e s i s t a n c e t o r o t a t i o n . Removal'of 
the subassembly was begun, and the log-coun t - ra te channels showed a s i g n i f i c a n t 
decrease in counting r a t e , confirming the removal of the subassembly from the 
core . Fur ther manipulations were performed a f t e r the subassembly had been p laced 
on the t r a n s f e r arm. Rota t ional ind ica t ions revealed some misalignment of the ton 
adap te r . The subassembly was then t r ans f e r r ed to the Fuel Cycle F a c i l i t v f 
i n s p e c t i o n , where i t was revealed t h a t the top adapter had been twis ted as °'" 
r e s u l t of the manual manipula t ions . 

Because of these even t s , the main gr ipper was scheduled for imm d• 
replacement, and the primary tank and secondary system were cooled t o 500 , '''^ 
The spare fuel -handl ing gr ipper was i n s t a l l e d , and the systems were r e t u r n d^t ^' 



(continued) 

700 deg. "standby" condi t ion . The replacement gripper checked out s a t i s f a c t o r i l y , 
and randomization of the core continued. 

During t h i s same period a conference was held at EBR-II between 
RDT personnel and cognizant ANL personnel on the sub jec t , "EBR-II Power 
Coeff ic ient" . The purpose of the meeting was t o inform RDT personnel of 
avai lable information on the change in the power coe f f i c i en t . RDT was concerned 
about the power- reac t iv i ty decrement as exhibi ted m : 

(a) an overa l l decrease from Runs 1 through 2k; 

(b) the marked change in power coef f ic ien t between 
Runs 2k and 25; 

(c) the decrease in power coef f ic ien t during Run 25. 

Personnel from Argonne discussed the reac tor system and the measurements t h a t had 
been made per ta in ing to the power-reac t iv i ty decrement. Emphasis was placed on 
the facts t ha t rod drop t e s t s had indica ted no d e t e r i o r a t i o n of prompt negat ive 
feedback throughout the operat ing h i s to ry of the reactor;, and t h a t the change in 
power decrement did not in any way jeopardize the safety of the r e a c t o r . The 
changes tha t occurred were bel ieved to be due to mechanical ordering of the 
subassemblies. An increase in the bowing component between Runs 2k and 25 brought 
about by the i n s e r t i o n of the s t a i n l e s s s t e e l r e f l e c t o r could be considered as 
the probable cause of the s ign i f i can t difference in r e a c t i v i t y decrement between 
the two runs . 

Calculat ions were presented which indica ted tha t the temperature 
d i s t r i b u t i o n across the two rows of s t a i n l e s s s t e e l r e f l e c t o r s was such t h a t the 
temperature gradient across the eighth row (second row of s t a i n l e s s s t e e l ) shows 
a reverse temperature g rad ien t . Such a gradient would r e s u l t in reverse bowing 
of Row 8 subassemblies producing a so-ca l led "buggy spring" e f fec t and an 
ef fec t ive reduct ion in core diameter . 

A model t o explain the ra the r minor; but sys temat ic , changes in 
r e a c t i v i t y decrement was proposed and ca l led the "blanket d r i f t model". In t h i s 
model i t i s proposed tha t the re i s a general ordering of the blanket subassemblies 
outward. This should provide more i n i t i a l c learances ins ide the co re , and tha t 
part of the negative power coef f ic ien t which i s associa ted with i n i t i a l core 
expansion i s not r e a l i z e d . This effect could very well have been emphasized a f t e r 
the i n se r t i on of the s t a i n l e s s s t e e l blanket subassemblies in Rows 7 and 8, owing 
t o increased r a d i a l forces caused by the "buggy spring" e f fec t of the two rows 
of s t a i n l e s s s t e e l subassemblies which surround the core . 

Other ca l cu la t ions were presented which were prel iminary attempts 
t o c a l c u l a t e the mechanical bowing and to es t imate the corresponding ca lcu la ted 
r e a c t i v i t y e f f ec t s of these motions. These e f fo r t s q u a l i t a t i v e l y supported the 



A. Summary (continued) 

general features of a bowing model for the measured r e a c t i v i t y decrement c u r v e . 

As a r e s u l t of these d i s c u s s i o n s , i t was agreed t h a t the J i g g l i n g 
experiments would be continued to check the d r i f t model h y p o t h e s i s . Work would 
be continued on ca l cu l a t i ons and i n v e s t i g a t i o n s of o ther f e a s i b l e r e a c t o r models , 
and in view of the need for an unders tanding of the k i n e t i c behavior of the 
reac tor the o s c i l l a t o r i n s t a l l a t i o n should be exped i ted . 

Following the meeting and the completion of the " j i g g l i n g " , t he 
r eac to r was s t a r t ed and the power r a i s e d in incrementa l s t eps t o c a r e f u l l y 
measure the r e a c t i v i t y decrement and the d i f f e r e n t i a l power c o e f f i c i e n t up t o 
1*5 MW. The experiment did not confirm or r e fu t e t he d r i f t model h y p o t h e s i s . 
The reac tor was shut down August l 8 t o complete Run 25 a f t e r 1552 MWd of 
operat ion. 

Late in August the primary and secondary sodium systems were 
cooled t o 350 deg. F. p r i o r to s t a r t i n g the annual l e a k - r a t e t e s t s of the 
reactor building penet ra t ions for the secondary sodium system p i p i n g . The 
secondary sodium was drained to the s torage tank-, and the steam genera to r s 
were placed in dry lay-up. Annual p revent ive maintenance ope ra t ions were 
performed on high-pressure steam valves and o the r components. The coo l ing 
tower basin was drained and cleaned concu r r en t l y . 

During t h i s maintenance shutdown, work s t a r t e d on the i n s t a l l a t i o n 
of a primary sodium sampling s t a t i o n and a plugging meter v a l v e . This sampling 
s t a t ion w i l l obtain a primary sodium sample from the downstream leg of the 
Fuel Element Rupture Detect ion (FERD) loop . Following the completion of main­
tenance work, the secondary sodium and steam systems were hea ted t o 350 deg . F . 
for sodium f i l l i n g , and then the p l an t was brought t o "standby" c o n d i t i o n s , 
ready for operat ion. 

Reloading of the r e a c t o r for Run 26A involved only t he exchange 
of spent dr iver subassemblies, with core changes he ld t o a minimum. The 
i n s t a l l a t i o n of new experimental subassemblies and the r o t a r y o s c i l l a t o r rod 
was deferred so tha t pre l iminary physics measurements involving power coe f f i c i en t^ 
banked rod worth, rod drop exper iments , c o n t r o l rod c a l i b r a t i o n s , and reduced 
flow experiments could be performed dur ing Run 2 6 A , with a core co n f i g u ra t i o n 
similar to tha t of Run 25. The r e a c t o r was operated a t incrementa l powers up 
to 1*5 MW from September 27 t o 29 t o accumulate physics d a t a , inc lud ing v e r i f i ­
cation of the rod bank r e a c t i v i t y e f f e c t . 

The r eac to r was shut down September 29. Plant cooldown t o 600 deg. 
F. s t a r t ed immediately for i n s t a l l a t i o n of the r o t a r y o s c i l l a t o r rod and d r ive 
mechanism, completion of the FERD loop sodium-sampling s t a t i o n , and replacement of 
the "dynamic" coupling on primary-pump motor-generator se t No. 2 . The primary pump 
coupling has been in se rv ice s ince 1963, and had requi red a pe r iod i c overhaul for 
preventive maintenance. • 



Chronology of P r inc ipa l Events 

Date Event 

7/ 1/67 

7/ k/6l 

7/ 5/67 

11 6/67 

7 / 7/67 

7/10/67 

7/llt/67 

7/15/67 

7/17/67 

7/18/67 

7/20/67 

7/21/67 

Plant S t a tu s : Run 25 in progress (822 MWd accumulated of 
151*5 MWd scheduled) . Reactor power 30 MW turb ine-genera tor 
output a t 10 MWe. Experimental subassemblies XAO8 and XG05 
have been r e in se r t ed in the reac tor ,and XOll has been removed 
t o s torage basket ,because i t had been iden t i f i ed as a source 
of f i s s ion gas leakage. 150 MWd of operat ion were scheduled 
at these condi t ions to assure t h a t the source of the f i s s ion 
gas leak had been i d e n t i f i e d . 

Shut down reac tor a f t e r 150 MWd of operat ion with no 
abnormal f i s s i on gas a c t i v i t y i d e n t i f i e d . 

Repaired leak in high pressure flash tank of the blowdown 
system. Star ted r eac to r for completion of Run 25. 

Reactor a t 1*5 MW. Began t e s t procedure No. 27 (heat r e j ec t i on 
c a p a b i l i t i e s of the condenser cooling water system). 

Reactor scram caused by loss of s i t e power ( l i g h t n i n g ) . 
Reactor r e s t a r t e d back t o 1*5 MW. 

1*5 MW operat ion continued. Concluded t e s t procedure No. 27. 

Reactor scram due to incoming l i n e voltage d ip . Depressurized 
steEim system for maintenance on valve PS-300 ( i s o l a t i o n valve 
for 1250 ps i t o 150 ps i pressure reducing v a l v e ) . 

Reactor a t 1*5 MW; valve PS 300 back in s e rv i ce . 

Began t e s t procedure 28 ( reac tor bu i ld ing heat r a t e t e s t ) . 
Reactor scram due to vol tage dip in incoming l i n e s . 

Reactor a t 1*5 MW. 

Reactor a t 1*5 MW. Reactor shutdown for i n s e r t i o n of exper i ­
mental subassemblies X023 and X02l* in r eac to r for one-day 
i r r a d i a t i o n a t 30 MW. During reac tor s t a r t u p , the d i f f e r e n t i a l 
power coef f ic ien t between 10 and 20 MW was observed t o be 
lower than previously measured va lues . A program of more 
p rec i se power coef f ic ien t measurements was i n i t i a t e d . 

Made power coe f f i c i en t measurements up t o 20 MW and performed 
rod drop experiments. 



Chronolog'/' of P r i n c i p a l Events (cont inued) 

7/22/67 

7/23/67 

7/2V67 

1123167 

7/27/67 

7/31/67 

8/ 2/67 

8/ 5/67 

8/10/67 

8/12/67 

8/1U/67 

8/15/67 

8/16/67 

Performed power c o e f f i c i e n t measurements and rod drop 
experiments up t o 30 MW. 

Removed experimental subassemblies X023 and X02lt from 
r e a c t o r . Power c o e f f i c i e n t measurements and rod drops 
were performed incrementa l ly t o 1*5 '̂IW, 

Transferred X023 from the s to rage basket t o FCF. Pe r ­
formed annual leak r a t e t e s t s on r e a c t o r b u i l d i n g a i r 
supply and exhaust v a l v e s . Began " j i g g l i n g " opera t ions 
for randomization of core in an e f f o r t t o study the e f f e c t 
on the power c o e f f i c i e n t . 

Replaced var iacs in primary a u x i l i a r y pump power supply . 

Began work on modif icat ion of the steam supply t o t he t u r b i n e 
s e a l s . F i r s t encountered t roub le with t he main fuel handl ing 
gripper Jaw d u r i n g " J i g g l i n g " o p e r a t i o n s . 

Began primsiry tank cooldown t o 500 deg. F. for removal of 
core g r ippe r . Removed subassembly B-3l*l from the primary 
tank because of suspected damage t o top adap te r as a r e s u l t 
of manual gr ipper manipu la t ions . Removed argon coo l ing 
system re lay cabinet in p r epa ra t i on for i n s t a l l a t i o n of 
new one. 

Reached 500 deg. F. in p lan t system cooldown. 

Removed fuel handl ing gr ipper from primary t ank . Completed 
modificat ion of steam supply t o t u r b i n e s e a l s tank for 
inspect ion 

I n s t a l l e d new fuel handl ing gr ipper and began heatup t o 
700 deg. F. 

Reached 700 deg. F. primary tank temperature and checked 
out the new g r i p p e r . 

Completed checkout of new r e l ay cabine t for t he argon 
cool ing system. 

Completed " j i g g l i n g " opera t ions for randomization of c o r e . 

S ta r t ed r e a c t o r for power c o e f f i c i e n t measurement up t o 1*5 MW. 



Chronology of Principal Events (continued) 

8/18/67 

8/30/67 

8/31/67 

9/ 2/67 

9/ 3/67 

9/ 5/67 

9/ 6/67 

9/11/67 

9/12/67 

9/16/67 

9/19/67 

9/23/67 

9/29/67 

9/30/67 

Shut down reactor for completion of Run 25. A total 
of 1552 MWd was accumulated this run. 

Began plant cooldown to 350 deg. F. for annual leak rate 
test of secondary sodium piping penetrations in reactor 
building. 

Reached 360 deg. F. and drained the secondary sodium to 
the storage tank. 

Placed steam drum in dry layup condition. 

Performed preventive maintenance operations on the high-
pressure steam valves (packed all valves, lapped steam 
drum safety valves, etc . ) . 

Drained the cooling tower basin for annual cleaning and 
work on the cooling water valves. 

Completed annual leak rate test on the secondary piping 
penetrations. 

Began heatup of secondary system to 350 deg. F. 

Filled secondary system with sodium at 350 deg. F., 
and began plant heatup to 700 deg. F. 

Sodium system temperature reached 700 deg. F. 

Began reloading the reactor for Run 26. Twenty-five 
subassemblies exchanged. 

Started reactor for Run 26 preliminary physics measurements 
(power coefficient measurements, banked rod worth measure­
ments, rod drop experiments, control rod calibrations, and 
reduced flow experiments). 

Completed physics measurements and shut down the reactor. 
A total of 96 MWd into Run 26. 

Began plant cooldown to 6OO deg. F. for installation of 
oscillator rod in control rod No. 8 position. 



c. 

Oscillator Rod Installation 

First Quarter 

Maximum Possible Production 

(Days X 1*5 m) i*ll»0 

Power Production (MWd) 822 

Plant Factor {%) 19.8 

Power Production (Days) 

Full Power 8 

Reduced Power 

Fission Gas Release Study k 

Reactor Scrams 2 

Reactor Startup 1 

Reactivity Measurements (Power 

Coefficient Studies) 12 

Special Irradiation 2 

Ion-Power Production (Days) 

Repair Steam Leak 2_ 

Fuel "Jiggling" (Power Coefficient Study) 7 

Fuel Handling Gripper Replacement IS 

Scheduled Maintenance and Sodium 

Sampling Modifications •^^^ 

Loading Changes c 

1 

29 

Total (Days) 

63 

92 



D. Plant Performance 

1. Power Production 

The reac to r was operated for a t o t a l of 822 MWd t h i s 
quar te r . Operating h i s to ry data i s given in Tables I , I I , and I I I . Graphs 
of c r i t i c a l t ime , generator on t ime; r eac to r AT, thermal power, e l e c t r i c a l 
power; and in tegra ted thermal and e l e c t r i c a l power are given in Figures 1 
through 9. The summary of EBR-II scrams from power i s given in Table IV. 

a . NRTS Power Disturbances 

In July the re was a period of considerable 
i n s t a b i l i t y of the incoming power l i ne t o pBR-II. These reoccurr ing 
events were f e l t throughout the Intermountain area and were apparently 
r e l a t ed t o a newly es tab l i shed power t i e between the Northwest Power Pool 
and the eas tern par t of the United S t a t e s . This in terconnect ion was es tab l i shed 
in three places in Montana. The i n s t a b i l i t i e s on the t o t a l system were 
character ized by large o s c i l l a t i o n s in reac t ive power being exchanged between 
the two giant systems. In t h e i r milder form, these o s c i l l a t i o n s were not 
observed by the e l e c t r i c a l consumers. When they became s u b s t a n t i a l , they 
u l t imate ly affected l i n e v o l t a g e , and during t h i s time have caused considerable 
chaos, so much t h a t the Northwest Power Pool severed i t s t i e s t o the eas te rn 
system on July 23 , 1967. 

The EBR-II p l a n t , being a generat ing f a c i l i t y , 
saw evidence of the i n s t a b i l i t i e s sooner than other NRTS f a c i l i t i e s . The 
usual pa t t e rn of such i n s t a b i l i t i e s was per iodic o s c i l l a t i o n s of approximately 
eleven seconds. Such o s c i l l a t i o n s usual ly damped out before s u b s t a n t i a l e f fec t s 
were seen in the power or vol tage t r a c e . In such ca se s , the only effect of 
the i n s t a b i l i t y as seen from EBR-II was in the r eac t ive power t r a c e . No other 
audible or v i sua l e f fec t s were observed. Occasionally these i n s t a b i l i t i e s 
grew to severe proport ions and caused low vo l t age , r e s u l t i n g in r eac to r 
shutdown, 

An alarm-only monitor was i n s t a l l e d on the r e a c t i v e 
power instrument , and a temporary recorder was i n s t a l l e d to measure and record 
EBR-II generator c u r r e n t . An in te r lock was considered which would t r i p the 
t i e breaker between EBR-II and NRTS in the event of power o s c i l l a t i o n s which 
might cause r eac to r shutdown. 

The graphs of c lutch cu r r en t , generator power, 
pump speed and flow. Figures 10 through 15, ind ica te no appreciable change 
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NOTE: CONTROL ROD *l 

CONTAINS SST ROD 

KEY: D DRIVER FUEL 
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EBR-II LOADING PATTERN - RUN 26 - T-'-^i -> -̂'̂  

EBR-II LOADING PATTERN - RUN 26;-; - ^'m^^ 
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